Nalidixic acid is an extensively used antibacterial drug whose mode of action is poorly understood. It is known that nalidixic acid specifically inhibits bacterial deoxyribonucleic acid (DNA) synthesis but only partially inhibits the synthesis of ribonucleic acid (RNA) and proteins (2, 12) . The primary target of inhibition is the semiconservative DNA replication (21) , with a possible effect on the repair synthesis of DNA (10) . The inhibition of DNA synthesis is not attributable to any interaction between nalidixic acid and the DNA template (3, 4) . It has been shown (18) that the thermal susceptibility of a DNA ligase temperature-sensitive mutant is enhanced by nalidixic acid, but the search for a direct interference of the drug with enzymes involved in DNA metabolism has been so far unsuccessful (4, 19) . A recent report by Crumplin and Smith (8) indicates that, in addition to inhibiting DNA synthesis, nalidixic acid may inhibit RNA synthesis as a second target site. However, the inhibition of bacterial RNA synthesis is only partial (12) and may or may not affect bacterial growth significantly, since the rate of bacterial RNA synthesis can also vary widely depending on the growth conditions. Studies have therefore been conducted to investigate the possibility that nalidixic acid may alter the expression of many gene products in a qualitative manner. Results of these studies, reported here, indicate that the protein pattern in bacteria is indeed altered by nalidixic acid treatment. The alteration is quite complex in that the synthesis of certain proteins is depressed whereas that of other proteins is induced by the drug.
The bacterial strains used were Escherichia coli KL161 and KL166. These two strains are isogenic except that KL166 is a NalA derivative of KL161 (1) . The growth of KL161 is totally inhibited by nalidixic acid at a concentration of 10 ,g/ml in minimum medium M9 supplemented with 100 gg of thymine per ml. (5) . The growth of KL166 is unaffected by nalidixic acid at 500 gg/ml in the same medium. A direct analysis of the effect of nalidixic acid on the profiles of pulse-labeled RNA is clearly not feasible. An indirect approach of analyzing pulselabeled proteins on sodium dodecyl sulfatepolyacrylamide gel was used. This approach is based on the assumption that the profile of pulse-labeled proteins reflects that of the RNA and that nalidixic acid does not act on translation (8) .
Cells at a density of 3 x 108 per ml in M9 medium plus 100 ,g of thymine per ml were treated with nalidixic acid (Sigma Chemical Co.) at 100 gg/ml. Nalidixic acid-treated and untreated samples were then divided and were separately pulse labeled with [14C]thymidine (0.5 ,uCi/ml), [3H] uridine (1 ,uCi/ml), and 14C-labeled amino acid mixtures (2 ,Ci/ml) at predetermined time intervals. All labeled chemicals were purchased from New England Nuclear. [ '4C]thymidine-and [3H]uridine-labeled samples of 1 ml each were stopped with 10% trichloroacetic acid and counted. Samples (1 ml each) labeled with '4C-labeled amino acids were stopped by adding 2 ml of ice-cold 2% unlabeled amino acid mixture and 10% glycerol. Labeled cells were pelleted and lysed in the extraction buffer (15 (16) .
The results of the pulse-labelir are shown in Fig. 1 . The rate of p sis in KL161 and KL166 was re dixic acid treatment by about 25 spectively. The rate of RNA synt two strains was also reduced proF reported by others (12 Fig. 2 . The pattern of pulse-labeled proteins was drastically altered by nalidixic acid in ag experiment KL161 but not in KL166. Furthermore, in rotein synthe-KL161 the synthesis of many proteins was deduced by nali-pressed whereas that of others was induced by i and 10%, re-nalidixic acid. The most prominent protein thesis in these bands whose synthesis was depressed by nali-)ortionately as dixic acid were the 165-K (165,000 daltons), 155-ine incorpora-K, 95 propyl-,3-r-thiogalactoside in KL166 as compared with KL161 even in the absence of nalidixic acid (L. Chao, manuscript in preparation). The other readily identifiable peptide is the 40-K peptide, which corresponds to protein X previously reported by Inouye and Pardee (14) . This protein has been implied to function I in DNA repair (13) (6) . In addition, nalidixic acid, like other ino acid mixture agents that cause lesions in DNA, induces pro-JA and proteins phages (7, 11, 22) . It is therefore very attractive ,nting. Acid-pre-to implicate nalidixic acid in inducing a DNA This work was supported by Public Health Service General Research Grant RR05420 (from the Division of Research Resources) to the Medical University and by the South Carolina State Appropriation for Biomedical Research.
